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E F F E C T  O F  G R E E N  R E V O L U T IO N  IN  W H E A T  O N  P R O D U C T IO N  
O F  PU L SE S A N D  N U T R IE N T S  IN  IN D IA
Jam es G. R y an  an d  M . A sokan*
Concern is sometimes expressed abou t the decline in acreage, p roduction, 
and per cap ita  availability  of pulses in  In d ia  as a consequence o f the green* 
revolution in  w heat w hich com m enced in the mid-1960s.1 Pulses provide 
the h igh  pro tein  com ponent o f the predom inan tly  cereal-based diets of'people 
living in  the  m ajor w heat growing States o f In d ia , so (it is felt) the substitu­
tion o f w heat for them  in  cropping  patterns has led  to an  inferior dietary* 
position for foodgrain consum ers.
R ecently  R yan el al. (1'2, 13) suggested th a t a predom inan tly  yield- 
oriented strategy is m ore appropria te  th an  im provem ent o f  grain  pro tein  
percentage and  o ther cryptic qualities in breeding im proved foodgrain va­
rieties for the nu tritiona l well-being o f people living in the sem i-arid tropics 
(SAT), particularly, for people regarded as nutritionally  vulnerable.2 . T he 
issue of yield versus protein  quality /quan tity  in  p lan t breeding becomes .re­
levant if  there is some trade-off involved in  the pursu it o f one a t the expense 
c f the other, and/or if  pursu it o f bo th  together reduces the  probability  of 
success of enhancing either in  a given period of time. R yan, et'a'l. (12, 13) 
argued  there was some evidence o f such a trade-off, b u t m any p lan t breeders 
w ould n o t agree. B hatia an d  R obson (2, p .8) conclude: I t  is app aren t
th a t increase in  protein o r lysine in most cereals w ould dem and  additional 
production o f photosynthates w hich alternatively could also be channelled 
bv p lan t breeding tow ards increased grain yield w ith  no rm al o r even lower 
protein  concen tration : H ence im proved protein cultivars are likely to slightly 
lag the top' yield cultivars in  gra in  yield.”
O ne m ajor a ttrib u te  of the new  high-yielding w heat varieties (HYVs) 
in troduced  into In d ia  in  the mid-1960s was a vastly increased yield potential. 
An exam ination o f the ac tua l nu tritio n a l im p act of these w heats can test 
w hether or no t such a breeding strategy d id  im prove aggregate nu tritiona l 
status.
N ET NU TRIENT PRODUCTION TRENDS
To m easure the im pact o f  the HYVs of w heat on to ta l n u trien t p ro d u c­
tion, d a ta  from  six m ajor w heat growing States— U tta r  Pradesh, P u n jab ,
* Economist and Research Technician, respectively, International Crops Research Institute for 
the Semi-Arid Tropics (ICRiSA T), Hyderabad, India. They are grateful to N. S. Jodha for useful 
discussions throughout thecourse of this work and to G. Bengston for comments on an- earlier draft
1. For recent examples see the Joint I  AO/W HO Expert Committee on Nutrition (6, p. 32), 
the United Nations Economic and Social Council (17). Dharm Narain (7), Singh (14)j and Anony-
2.^ Those most nutritionally vulnerable include pre-school children, infants, pregnant and 
lactating women.
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H ary an a , Bihar, R ajasthan , and  M adhya Pradesh— were selected. According 
to D harm  N arain  (7), expansion of w h ea t hectareage sown in these States 
has prim arily  been at the expense of chickpea, pigeonpea, o ther pulses, w inter 
rice, and  barley.
Using nutritive values presented by G opalan, et al. (5), the production of 
these crops was converted into units of protein, calories, and  the essential 
am ino-acids— lysine, m eth ion ine+ cystine, tryp tophan , leucine, and  iso­
leucine.8 D a ta  were divided into two periods— the pre-green revolution 
period 1954-55 to 1964-65, and  the post-green revolution period 1964-65 to
1974-75. Separate linear trend  lines were fitted to the com bined nu trien t 
p roduction figures o f a.11 crops in  the six States for these two periods. The 
pre-green revolution trend  lines were projected up  to 1974-75 to represent the 
n u trien t p ictu re which m ight have em erged in  the absence of HYVs of wheat. 
These were com pared w ith the actual trend  lines from  1964-65 to 1974-75. 
(Figures 1-8).
T he projections reveal th a t for all the selected nutrients except lysine, 
actual trends w ere significantly higher th an  th a t which would have been 
produced  h ad  the green revolution not occurred. I f  the HYVs o f wheat 
h ad  n o t been in troduced  annual trend  production o f these six commodities 
in  the six States w ould have been 13 .4  per cent less th an  it actually  was 
du rin g  the year 1974-75. A nnual production of the o ther nutrients would 
have been reduced  by the  following percentages had  HYV s o f w heat no t been 
in tro d u ced :4
T here  w ould have been ab o u t 6 .4  per cent m ore lysine produced in  1974-75 
had  HY V s o f  w heat n o t been in troduced  and  pre-green revolution trends 
continued to th a t tim e. However, i t  should be noted (Figure 3) th a t the trend  
grow th in  lysine p roduction  after the  HYVs o f w heat were in troduced  is in  
fact slightly h igher th an  before. T he curren t per capu t trend  level o f lysine 
production  from  these five crops alone is already 65 p er cent h igher th an  the 
recom m ended daily  per capu t allow ance based on the age distribu tion  of 
th e  In d ia n  popu lation . Using W orld H ealth  O rganization (18) allowances, 
this cu rren t lysine tren d  production level o f  2.381 gram s per caput per day
3. Production data were derived from Government of India, Directorate of Economics and 
Statistics (4). Space does not perm it discussion of the detailed results or procedures used. The 
interested reader is referred to the forthcoming paper by the authors (11).
4. The reductions in per caput production of these nutrients had 'there  been no HYVs of 
wheat amount to figures of between one and two percentage points below these total figures.
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is also 60 p er cent m ore th an  the  allowance for lac ta tin g  m others, 90 p e r cent 
m ore th an  th a t for p regnan t w om en and  pre-school children, an d  abou t equal 
to  the  recom m ended daily allow ance o f  lysine for ch ildren  10 to  12 years o f 
age. Furtherm ore, as R yan, et al. (12) have shown, lysine is fa r from  being 
lim iting in  the  existing diets o f  even the lowest incom e families in  ru ra l and  
u rb an  In d ia .5
U n d er these circum stances the  sm all red u c tio n  in  lysine resulting from  
the shift to  w heat w ould ap p ear to  be o f little, i f  any, n u tritio n a l consequence. 
This sm all reduction  in  lysine production  is a m inor and  acceptab le price to 
pay for the substan tial increases in  production  o f energy an d  p ro te in  provided 
by th e  HYVs o f w heat. As show n by Sukhatm e (16), R yan , et al. (12, 13) 
an d  others, calories a re  generally  the  first lim iting  n u trien t in  diets o f pecple 
living in  In d ia  and  o ther p arts  o f the  SAT, even those people in  the least 
affluent socio-econom ic groups. In  helping to significantly alleviate this 
constra in t in  In d ian  diets, the  new HYVs o f w heat have allow ed th e  existing 
(and H Y V  w heat-augm ented) proteins an d  am ino-acids being ea ten  to  be 
u tilized m ore fully an d  effectively for essential body functions o ther th an  
energy production . U n d er a calorie deficient regime, proteins themselves 
are utilized for energy p roduction .
T h e  above figures, it should be noted, exclude the  record  p roduction  
year o f 1975-76. D a ta  for this year becam e available only  after the  trend  
analyses w ere com pleted. W h a t the  1975-76 d a ta  do show is th a t, com pared 
to values ob tained  in  projecting the  pre-green revolution trends to  1975-76, 
the  actual production  o f nu trien ts  in  the  six m ajor w heat grow ing States in
1975-76 was higher by the  following percentages: to ta l, p roduction  22, 
prnfpin 20. energy Ivsine 7. m ethionine and  cystine 21, try p to p h an  33, 
le u c in e  16, and  isoleucine 12. W e can confidently conclude th a t today the 
p roduction  status of p rotein , energy, and  essential am ino-acids w ould have 
been far inferior h ad  it no t been for th e  H YV s o f w heat. This is n o t to say 
any th ing  abou t how these added  nu trien ts w ere d istribu ted  am ongst the  n u tr i­
tionally  affluent and  the  nu tritiona lly  vulnerable popu lation  groups in  the 
coun try . This is largely a  function o f the basic d istribu tion  o f w ealth  and  
incom e, an d  G overnm ent policies, as shown recently by  R eu tlinger and  
Selowsky (10). Per se th e  green revolution in  w heat did not result in  an  in ­
ferior overall level o f to ta l or p er capu t p roduction  o f the p rim ary  nu trien ts—  
protein , energy, and  the  m ajor am ino-acids—in  th e  aggregate diets o f people 
in  th e  m ajor w heat grow ing States in  In d ia . I t , in  fact, b rough t abou t a 
vast im provem ent.
ECONOMICS OF GREEN REVOLUTION NUTRIENT CHANGES
In  1965-66 the  price o f chickpea was approxim ately  10 per cent h igher 
th an  th a t o f w heat in  H ap u r, one o f the  m ajor m arkets for foodgrains in
5. Diets contained from two to four times the recommended daily allowances of lysine per 
consumption unit in a 1974 National Institute of Nutrition survey of rural and urban areas in nine 
Indian  States (8).
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n orthern  In d ia . 'C h ickpea-w as abou t Rs. 82 and  w heat abou t R s. 75 per 
q u in ta l.6 - A t these prices, the  cost o f 100 gram s o f protein  from  w heat was 
32 p e r cent h igher a t R e. 0 .633  com pared w ith  R e. 0 .479 from  chickpea 
(T able I ) .  Chickpea in  A pril-June, 1977 was priced some 30 per cent h igher 
th an  w heat a t Rs. 140 per q u in ta l com pared to Rs. 108 for w heat. A t these 
prices, the  cost o f 100 gram s o f p ro te in  from  w heat was Re. 0 .919 , 12 p e r cent 
h igher th a n  the  R e. 0 .819  for 100 gram s from  chickpea. W hat is m ore sig­
nificant is the  com parison o f th e  1965-66 cost o f p rotein  from the  two sources 
inflated  by the  C onsum er Price Index  for Industrial Workers, w ith  the present 
A pril-June, 1977 prices. H ere we see th a t for w heat the real price of protein 
in  A pril-June, 1977 is 34 per cent lower th an  its real price in  1965-66. In  
real term s, pro tein  from  chickpea costs 23 per cent less in  A pril-June, 1977 
th an  it was in 1965-66. H ence, while it is true th a t the relative price o f 
p ro tein  from  chickpea has risen vis-a-vis wheat, the real cost of protein from  
bo th  sources has fallen considerably in the last ten years.' T he cost of energy, 
from  chickpea an d  w heat was approxim ately  the sam e in 1965-66 (Table I) . 
In  A pril-June, 1977, energy from  w heat was about 20 per cent cheaper than  
th a t from  chickpea. As was the case w ith p ro te ir , the real price o f energy 
from  w heat was 34 p er cent less in  A pril-June, 1977 than  in  1965-66, and  
22 p e r cent less for chickpea.
T a b l e  I — R e l a t i v e  C o sts  o f  P r o t e in  a n d  E n e r g y  f r o m  W h e a t  a n d  G r a m
i n  1965-66 a n d  1977*
Cost per 100 grams of protein in Cost per 1000 kcal. of energy in
Crop 1965-66 April- 1965-66 April-
 -----—  ----------^ ----- J u n e , ------------------~r— — .... . June,
Nominal Real 1977 1977 Nominal Real 1977 1977
terms terms actual terms terms actual
m ea t . .  0.633 1.398 0.919 0.216 0.477 0.313
Gram . .  0.479 1.06 0.819 0.227 0.501 0.389
* Source: Government of India, Directorate of Economics and Statistics (3) for wholesale
prices of Hapur wheat and gram  in 1965-66 and the Consumer Price Index for Industrial Workers, 
The Economic Times, for April-June, 1977 grain prices. Records and Statistics (9) used for Consumer 
Price Index for Industrial Workers in 1976-77. Nutritive contents taken from Gopalan, et al.. (5).
Production o f protein  and  energy from  a  hectare of land  sown to w heat 
o r  chickpea in 1964-65 an d  1974-75 is presented in T able I I .  A t trend  yield 
levels existing in  1964-65, a  hectare of w heat produced one and  41 per cent 
m ore pro tein  an d  energy, respectively, th an  did  a hectare of chickpea. 
W ith  the large yield increases in  w heat in the late 1960s and  early  1970s, 
a  hectare of w heat produced  49 and  106 per cent m ore protein an d  energy, 
respectively, th an  did  chickpea.
6. See Government of India, Directorate of Economics and Statistics (3).
T a b l e  I I — T r e n d  L e v e l s  o f  P r o d u c t i o n  o f  P r o t e i n  a n d  E n e r g y  P e r  H e c t a r e  f r o m  Vv'h e a t  
a n d  G r a m  i n  t h e  S i x  M a j o r  W h e a t  G r o w i n g  S t a t e s  o f  I n d ia  in  1964-65 a n d  1974-75*
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Crop
Yield
(kg./ha.)
Protein
(kg./ha.)
Energy 
(’000 kcal./ha.)
1964-65 1974-75 1964-65 1974-75 ■ 1964-65 1974-75
W heat 900 1414 106 167 3114 4892
Gram 615 657 105 112 2214 2365
* Trend lines are contained in Ryan and Asokan (11).
F rom  a nu tritio n a l angle, th e  substitu tion th a t did  occur o f w heat for 
chickpea after the  green revolu tion  resulted n o t only in  a vast increase in  
th e  production  o f energy from  each hectare , b u t also o f p ro te in . T he 1974-75 
chickpea hec tare  gave 112 kg. o f p ro te in  and  2,365,000 kilo-calories o f energy 
on an  average in  the six m ajor w heat grow ing States o f In d ia . E ach hectare 
o f 1974-75 w heat w hich substitu ted  for a hec tare  o f chickpea added  a fu rther 
35 kg. o f p ro tein  and  2,527,000 kilo-calories o f  energy to  w ha t th e  chickpea 
w ould have produced. T his is fu rth e r evidence th a t th e  new  w heats have 
resulted in  a  vast im provem ent in  n u trien t production  on a  hectare-for- 
hec ta re  basis w ith  chickpea, th e  crop p rim arily  affected by  the  expansion 
in  w heat hectareage. Elsew here (11), th e  au thors have show n th a t abou t 
22 per c e n t o f  the  increase in  the  area  o f  w heat w hich occurred betw een 1964-65 
an d  1974-75 could be  accounted  for by a reduction  in  the  a rea  p lan ted  to 
pulses. A bout eight per cen t cam e a t the  expense o f w in ter rice an d  barley. 
T he bu lk  o f the  grow th in  w heat hectareage in  the six States was a  result o f 
increases in  c ro p p if f^ T iL tm ^ e ^ e su lt in g  from  th e  HYVs, expansion in  ir r i­
gation, an d  an  increase in  n e t sown areas. H ence it  seems once again  clear 
th a t  th e  n e t n u tritio n a l im pact o f th e  new  w heats was b o th  positive and  
substan tia l.
CONCLUSIONS
T h e n u tritio n a l success o f th e  HYVs o f w heat in  In d ia  illustrates how  a 
sufficiently large increase in  p roduc tion  o f a cereal, p rim arily  as a result o f  a 
y ield-oriented p lan t b reed ing  strategy, can p roduce a  significant im provem ent 
in  aggregate nu tritio n a l w ell-being. T h a t this could occur even though  the 
cereal itself has certa in  im balances in  pro tein  and  am ino-acids, and  its area 
was increased a t the  expense o f some area o f pulses an d  o ther crops, is testi­
m ony to  th e  value o f  y ie ld -o iien ted  p lan t breeding strategies as a m eans o f 
achieving nu tritio n a l gains. As has been  shown elsewhere by R yan, et al. 
(12, 13), yield increases also provide a  m echanism  for enhancing  rea l incomes 
o f low incom e consum ers o f  foodgrains via the  effects on prices. In  this way, 
the yield increases provide the  w herew ithall for th e  purchase o f add itional 
nu trien ts by the  nu tritio n a lly  m ost vu lnerable.
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In  having  said  all this, a  final and  extrem ely im p o rtan t po in t needs to  
be m ade. T h e  yield  increases in  w heat occurred a t a tim e w hen yields o f 
pulses were relatively stag n an t. Indeed , this is one o f the  reasons for the 
expansion o f  the  area  sown to w heat, abou t one-fifth o f w hich was a t the 
expense o f 'pulses according to  th e  authors (11). T h e  need now  is to  increase 
th e  yield po ten tia l o f th e  pulses to  ensure th a t th e ir prices do n o t rise to a 
po in t beyond the m eans o f th e  nu tritiona lly  vulnerable an d  economically 
poor. T h e  n u trien t com position o f pulses generally  com plem ents th a t  o f  the 
cereals, an d  provides desirable varie ty  in  the  d ietary  sense. For these reasons, 
a  predom inantly  y ield-oriented breeding strategy in  the  pulses is called for, 
as it is for the  cereals (particu larly  the  coarse grains— sorghum , millets, and  
m aize). Evidence cited in  this p ap e r offers convincing p roo f o f the n u tri­
tional benefits possible w ith  this type o f  ap p ro ach .
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